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Thin Fuel Cell Electrodes 
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Central Research Division, American Cyanamid Company 
Stamford, Connecticut 

I. Introduction 

There is  considerable current i n t e re s t  i n  low temperature, light-weight, 
high-performance H2-02 fuel c e l l  components. 
a research program directed toward development of t h i n  electrode structures f o r  t he  
"equilibrated matrix" hydrogen-oxygen o r  hydrogen-air c e l l s .  
f o r  t h i s  system should be usefu l  a l s o  i n  the  ion  exchange membrane fuel c e l l ,  and 
with some modification i n  the  free e lec t ro ly te  f u e l  c e l l .  

This company has had f o r  several  years 

Electrodes developed 

As a short  range objective, we  have required t h a t  such electrodes,  when 
assembled i n t o  an H2-02 c e l l ,  should sus ta in  currents of at least 200 ma/cm2, developing 
a poten t ia l  corrected f o r  i n t e rna l  resistance of 0.8-0.9 vol t s .  
with su i tab le  modification of support material  i n  e i t h e r  strong acid o r  base and should 
be  capable of sustained operation at temperatures from ambient t o  100aC. 
be  capable of manufacture i n  l a rge  s izes ,  e.g., one foot  square, and have good unifor- 
mity and reproducibility. 

They should be useful 

They should 

Further,  material costs/kw of power should be m i n i m u m .  

11. Experimental 

A.  Procedures 

Much of the  i n i t i a l  evaluation work has been carried out i n  one inch diameter 
( 5  an2) matrix cells .  
can be readi ly  achieved, and t h e  l a rge r  c e l l  is  preferred fo r  l i f e  t e s t ing .  

We have found t h a t  scale up t o  2" x 2" c e l l s  (?? cm2 pcti.re zrcz) 

For the  alkaline system, asbestos is  a su i tab le  matrix material ,  while 
glass-fiber paper performs well  i n  t he  acid system. Several types of organic matrix 
may a l s o  be used. 

In l i f e  testing, i n  order t o  obtain s t ab le  operation, it is  necessary t o  remove 
water from t h e  system as fast as it i s  formed by the  electrochemical reaction. 
work t h i s  has been accomplished by using ju s t  suf f ic ien t  gas flow t o  permit evaporation 
of the  proper amount of water. 

In our 

B. Electrodes 

For the  equilibrated matrix system electrodes have been developed consisting 
of a porous l aye r  of platinum black and a waterproofing agent with or without extenders, 
spread uniformly on and supported by a w i r e  mesh screen. The thickness o f t h e  electrode 
and platinum loading can be varied by using screens of d i f f e r ing  mesh and wire diameter, 
and also by varying the  amount of extender used. Two major variations are under study. 
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I n  ryPe A no extender is used. Thus, w i t h  screens i n  the  range 50-100 mesh 
and .002-.004 inch wire diameter, platinum loadings are  typical ly  i n  the  range 
,7-10 .g/m" and electrode thickness 0.004-0.008 inch. 
the support screens. 
extender. 
have the same thickness ard r e s i s t i v i t y  character is t ics  a s  Type A electrodes.  

Resis t ivi ty  i s  nearly that of 

Electrodes of t h i s  type may contain 0.5 t o  4 mg Pt/an2 electrode area and 
I n  ryPe B electrodes, platinum is  supported-on a carbon or graphite 

C. Studies of Type A Electrodes 

Comprehensive s tudies  have been made w i t h  platinum black-metal screen 
electrpdes, since these are capable of sustaining very high currents a t  l o w  polarization. 

1. Acid System 

I n  Figure 1, we show typical  polarization curves for  50 mesh tantalum screen 
electrodes containing 7-9 mg F't/cm2 as used on both sides of H 2 - 0 2  and H e - a i r  c e l l s .  
Temperature was ambient and the  electrolyte  2N H S O 4  i n  a glass fiber paper matrix. 
The polarization curve f o r  H2-02 uncorrected for internal  res is tance indicates  a potential  
of about 0.72 vol t s  at 200 ma/cm2. Indeed, similar curves have been found t o  be approxi- 
mately l inear  t o  600 ma/cm2 and 0.55 vol ts .  
resistance (based on open current measurements with a Universal AC bridge)  indicates 
an essent ia l ly  constant I R  f ree  potent ia l  of about 0.82-0.87 vol t s .  

The H2-02 curve corrected f o r  in te rna l  

The performance of t h i s  type of electrode i n  a hydrogen-air cell is sham 
i n  the lower curve of Figure 1. 
only 50 mv at 50 ma/cm2 and 60 mv a t  200 ma/cm2 and apparently indicates  t h a t  a t  these 
current densi t ies  performance is not limited by inadequate diffusion of oxygen i n t o  or  
nitrogen out of the electrode s t ructure .  

It w i l l  be seen tha t  the increase of polar izat ion is 

Performance of these electrodes seems t o  be substant ia l ly  independent of 
temperature as indicated i n  Figure 2. 
a t  elevated temperature; however, these c e l l s  have not yet been optimized f o r  performance 
a t  higher temperature. 

Somewhat higher performance might be expected 

Some indication of l i f e  performance has been obtained with the tantalum 
screen electrodes i n  the H2-02 system at ambient temperature. 
been operated for over 1000 hours a t  currents up t o  150 ma/m2 wi thou t  evidence of 
deterioration. 

These electrodes have 

2. Base System 

Extensive s tudies  have been made of platinum black spread on 100 mesh nickel 
In Figure 3 we show i n i t i a l  polarization f o r  H2-02 and &-air of the system screens. 

consisting of these electrodes w i t h  5Ii KOH i n  a matrix c e l l .  
curve indicates a c e l l  potent ia l  of 0.76 vol ts  a t  200 ma/cm2. 
been extended t o  600 ma/cm2, a potent ia l  of 0.6 vol ts  being obtained. 
electrodes are capable of sustaining very high electrochemical r a t e s  i n  the alkal ine 
system. 

potent ia l  of 0.85-0.90 is  obtained over most of the  range of current density.  
roughly 20-30 mv higher than was observed f o r  the acid system. Individual electrode 
polarization studies have been made which indicate t h a t  at these platinum levels  the 
major part of the i n i t i a l  0.3-0.4 volt  polarization occurs at the  oxygen electrode i n  
both acid and base systems. 

The uncorrected H2-02 
This curve has a l s o  

Thus, the 

When the H 2 4 2  polar izat ion curve is corrected for in te rna l  res is tance a steady 
This is  
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The Ha-air performance is plotted i n  t he  lower curve of Figure 3. Additional 
po lar iza t ion  on air is 40 mv at 50 mafun2 and 100 mv a t  150 ma/cm2. 
have not been optimized f o r  operation Cin air. 

These electrodes 

Performance a t  higher temperatures has been examined at 70" and 95°C and, 
again e s sen t i a l ly  no change from ambient is found. The da ta  indicate maintenance of 
a high l eve l  of performance of  t h e  electrodes at higher temperatures, a t  which operation 
is probably desirable t o  f a c i l i t a t e  removal of product water. 

Life t e s t s  fo r  over 1000 hours at ambient temperature and several  hundred 
hours at 80°C a t  currents up t o  125 ma/cm2 ind ica te  excellent performance s t a b i l i t y .  

D. Studies of Type B Electrodes 

Type B electrodes represent an  approach t o  more e f fec t ive  u t i l i z a t i o n  of 
ca t a ly t i c  materials.  Carbons added t o  the  formulation a c t  as extenders and subs t ra tes  
for t h e  spreading of platinum or other ac t iva t ing  ingredient. 
d i s t r ibu t ion  of ca ta lys t  -and waterproofing agent i s  achieved. 

Excellent control of 

1. Choice of Carbons 

As the  result of a survey of m e r  seventy-five carbons, ha l f  a dozen promising 
carbons have been discovered w i t h  good chemical s t a b i l i t y  and high ca t a ly t i c  a c t i v i t y  
srhen p la t in ized ,  ranging i n  s t ruc tu re  from graphi t ic  t o  amorphous, and i n  surface area 
from 8 t o  800 m2/g.  
mnufacture  of calcium cyanamide from calcium carbide. Some properties of t h i s  material 
are l i s t e d  i n  Table I. 

One of these  i s  Cyanamid 9946 graphite, which is  a byproduct of the  

This material can be cmpacted i n t o  a r a the r  uniform porous s t ruc ture  having 
a conductivity cha rac t e r i s t i c  of graphite.  Its surface area and pore s t ruc ture  are such 
that no appreciable amount of c a t a l y t i c  material need be buried i n  t i n y  inaccessible 
pores. 

2. Base System 

. Electrodes w e r e  prepared from pla t in ized  Cyanamid 9 9  graphite by methods 
sb!iittr i;" +.scri-"ued cur eieci;rdee ui Type A. - 1 - 1  - . - - -  - - - .  - - -  * - - - - *  ~ - - -  --- .1= w U b r L - y ; : u u l r L ~  LCVCl W U D  llC3lU 

constant. 
Electrode thickness w a s  approximately 0.007 inches. 
o f  these e lec t rodes  i n  t h e  base type matrix c e l l .  
indicated i n  the  table i n  t h e  lower pa r t  of t he  graph. It is evident t h a t  reduction 
of platinum loading a t  e i t h e r  electrode produces some l o s s  i n  performance. However, 
even at a total  loading of 3.5 ,$an2 for both sides,  the  additional polarization i s  
only about 100 mv at 200 ma/cm2. 
performance b y  improved methods of p l a t in i za t ion  can be achieved. 
when these electrodes a r e  operated on a i r  i s  similar t o  t h a t  obtained at high platinum 
loadings. L i f e  studies conducted fo r  over 1000 hours, including subs tan t ia l  periods 
a t  150 ma/cm2, indicate no s ign i f i can t  change i n  electrode properties when operated 
as e i t h e r  anode or cathode. 

Platinum loadings of 1 and 2.5 mg/cm2 on appropriate screens were obtained. 
I n  Figure 4 is shown the  performance 

Platinum loadings on each side are 

It i s  believed t h a t  subs tan t ia l  jmprovement i n  
AdditSonal polarization 

Similar s tud ies  have been made of Type B electrodes i n  acid systems. 
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111. Discussion 

Based on the above p e r f o m c e  and physical character is t ics ,  we can project 
that  c e l l s  constructed with these electrodes w i l l  have very desirable  weight and volume 
character is t ics .  
t o t a l  thickness of about 0.030 inches and a weight of about 0.3 lb s / f t2 .  
c e l l  operating a t  75 watts/ft2 t o t a l  electrode-electrolyte weight would be about 
4 lbsjkw. 

I f  it i s  assumed that individual c e l l s  could be stacked at 4 t o  the inch 
and operate at 100 amps/ft2 with the potent ia l  indicated i n  the above polarization 
curves, power l eve l s  of 65-85 watts/ft2 could be achieved on e i t h e r  oxygen or air, 
and power densi t ies  i n  excess of 3 kw/ft3 of bat tery exclusive of aux i l i a r i e s  should 
be feasible  . 

A typical  e lectrolyte  matrix with two t h i n  electrodes would have a 
For a f u e l  

It is believed a power density of 75 w a t t / f t 2  can be achieved i n  the near 
future with a platinum usage of about 2 g/ f t2  of c e l l  area (including Eoth electrodes).  
This represents an investment i n  platinum of about $8O/kw. 
that major part  of t h i s  platinum mJue can be recovered when the  useful l i f e  of the 
bat tery has emled. 

Moreover, it i s  believed 

P u r i t y  99.0 W t .  $ 
Impurities SiOa, CaO, Feg3 ,  Al& 
Par t i c l e  Size 
Surface Area 11.4 m2/gram 
conduct ivitp 50 mho/cm 
Bulk Density+ 1.28 g/cc 
$ Porosity+ 40 
X-ray Graphitic 

Approximately 0.25 t o  2.0 Microns 

- _  

* &aswed at 2000 ps i .  



i 

122 

I 

1.1- I I I I 1 - 
MATRIX CELL - 2N &so4 -25 * C  - 

0.d I I I 1 I 
0 50 100 150 200 250 300 

CURRENT DENSITY - MA/CM2 
TYPE A ELECTRODES - ACID SYSTEM FIG.1 

J 

I I I I I -1 .1 

0.41 I I I I I I 
0 50 100 150 ' 200 250 300 

CURRENT DENSITY - M A K M  
TYPE A ELECTRODES, EFFECT OF TEMPERATURE  FIG.^ 

i 



\ -  

\ 

- 

123 

0 2.5 1 

- "."t- , 

I 

'\ 

1 

1 .'I I I I I 1 
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FIG. 4 TYPE B ELECTRODES - BASE SYSTEM 


